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Coastal communities: prepare and plan for rising tides now! 

•  Storm/tidal flooding follows a regional seasonality. 

•  Sea Level Rise (SLR) is causing rapid growth in annual 
flood frequencies.  

•  El Niño Southern Oscillation compounds this trend. 



Setting the Stage: Seasonal/Annual Tidal Flood Projections 
 

• Define (nuisance) high-tide thresholds 

• Identify seasonal/regional patterns in physical 
forcing and high water climatologies 

• Establish contemporary (accelerating) baseline 
from SLR 

• Quantify inter-annual El Nino Southern Oscillation 
(ENSO) effects via a bivariate (SLR, ENSO) 
statistical model 

• Provide  “empirical” projections of tidal flood 
frequencies using IRI/CPC ENSO predictions  



Surge 

NOAA Tide Gauges and Flood Impact Levels 

Jamaica	  Bay,	  NY	  

(From:	  Picasa,	  King	  Tide	  in	  the	  NY-‐NJ	  Harbor	  Estuary)	  
 

State	  Street,	  NJ	  Hudson	  Line,	  Marble	  Hill,	  NYC	  

Minor or nuisance impacts occur locally around U.S. when 
water levels reach 1-2' above high tide on NOAA tide gauges. 
 
Elevation thresholds are determined locally by the National 
Weather Service. 
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Seasonal and Regional High Tide Flooding Patterns 

Sweet et al. (2014) 
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Seasonal and Regional High Tide Flooding Patterns 



Sweet et al. (2014) 
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Blue = tide-cycle driven & ~predictable (king tide) 

Red  = more random; event driven (storm or anomaly) 

Seasonal and Regional High Tide Flooding Patterns 



Miami Nuisance Flood Level Miami Nuisance Flood Level 

Photo: Dr. Jayantha Obeysekera 

Seasonal and Regional High Tide Flooding Patterns 



Nuisance level 

Annapolis, MD 

Seasonal and Regional High Tide Flooding Patterns 



Baseline Changes in Local Mean Sea Level  

Relative Sea Level Trends  
(tidesandcurrents.noaa.gov/sltrends) 
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Think:  

high water 
debris line 

Years ago, flooding occurred during big storms.  
 

Now, sunny-day tidal flooding is rather common. 

Dylan’s B-side…the (high) tides, they’re a changing! 



-‐0.8	   0.0	   0.8	  
Above	  High	  Tide	  (m,	  MHHW)	  

1960s 2010s 
Hi
gh
es
t	  D

ai
ly
	  T
id
es
	  in
	  a
	  Y
ea
r	  

(P
ro
ba
bi
lit
y,
	  e
m
pi
ric
al
)	  

Nuisance  
Level 

SLR 

Norfolk, VA 

The Accelerating Threat of Tidal Flooding 



From Sweet et al. (2013) 
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An Accelerating Baseline of Tidal Flooding 
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Tidal Flooding Trends: A Growing National Problem 

SLR 
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Sweet et al. (2014) 

300-900% increase in last 50 years  
           along East and West Coasts 



El Niño Pattern: More West & East Coast Tidal Flooding 

West Coast:  
 

High ocean temperatures, sea levels for months increase 
the reach of (sometimes more) storms and tides   

Sweet et al. (2014) 
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El Niño Pattern: More West & East Coast Tidal Flooding 

East Coast: 
  

More northerly wind forcing with more frequent 
storm surges and/or (quiet) anomalies 

Eastern Region El Niño Impacts &Outlook: October 2015  

Sweet and Zervas (2011) 
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(Detrended for interannual comparison) 

During (strong) El Nino, noticeable change in: “mean” & “variance” 

El Niño Pattern: More West & East Coast Tidal Flooding 

San Fran, CA Norfolk, VA 



Tidal Flood Baselines, Projections & Bivariate Statistical Model 

(Sweet and Park, 2014) 
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2015 Projection using 
ONI Ensemble Plume 
(1.69: May ‘15 – Apr ‘16) 

2015 Projection 

125% Increase  
above trend value 

75% Increase  
above trend value 

1997/98 

1982/83 

2009/10 



2015 El Nino Pattern: 33-200% Tidal Flood Increase Projected 

2015 Outlook: Number of Days with a Nuisance Tidal Flood 
Based upon trend (and % increase from El Nino pattern)  
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Sweet and Marra (2015) 

2015 Outlook (May 2015 – April 2016) issued in summer of 2015 

2015 Nuisance Tidal Flood Days To Date 
(May 2015 – Feb 29, 2016) 

Below “Trend/El Niño” Projection 

Above “Trend/Niño” Projection 

All time record 

Sweet et al. (In Prep) 

All time record (no Trend/ENSO projection) 



Next Steps: Seasonal Projections of Recurrent Tidal Flooding 

1.  Fit distributions (e.g., [non] parametric) of daily max 
seasonal tides  

•  assess characteristics under different ENSO phases 

2.  Use dynamical model output as seasonal guidance of 
mean sea level state (or variance) 

•  necessary for regions without ENSO sensitivity 

3.  Provide seasonal projections of flood frequency above 
a threshold(s) 

•  assess outlooks relative to changing “baseline” and 
longer-term projections 
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